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The Intersection of Environmental Policy,
Public Health, & Economic Performance
in Shanghai

Julia Bauer, Jordan Davis, Camilla Donatello, and Jonah M. Otto

Abstract Air pollution, energy inefficiency, and illnesses due to heat and poor air
quality are the main focuses of the paper, which will be centered in the city of
Shanghai, China. These issues are impacting Shanghai negatively in terms of human
health and economic efficiency. However, all three of these issues can be solved with
the implementation of various techniques, such as renewable energy resources, the
use of environmentally conscious materials, passive building design, and strength-
ening environmental regulators. However, only one solution can solve all three of
these issues simultaneously. The addition of green spaces in urban areas improves
both the economic performance of a city through cost efficiency and the reduction of
air pollutants, as well as public health in Shanghai.

1 Introduction

Although cities are sources of significant economic growth, they also account for
large amounts of environmental degradation, including loss of natural habitat and
decreases in species diversity (Zupancic et al., 2015). Because Shanghai has the
highest level of economic growth in China, one could assume that it also accounts
for a large amount of environmental degradation (Xi, 2016). Additionally, cities are
associated with increased negative human health effects, ranging from illnesses
caused by pollution, heat, noise, and overcrowding (Zupancic et al., 2015). Cur-
rently, Shanghai is experiencing many of the aforementioned issues. For example,
due to extreme overcrowding and the overall growth in housing demand, there has
been a sharp increase of 250% in housing costs in Shanghai from 2000 to 2010
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(Youqin, 2013). Although overcrowding is a major issue in Shanghai, pollution,
heat, and building inefficiency are three of the concerns that will be addressed in this
paper. Additionally, illnesses related to both heat and pollution will be examined due
to the impact that illnesses have on human capital and other factors of production
that influence the economy. An analysis of these problems is necessary because their
effects will be heightened as the impacts of climate change become more evident.
Fortunately, all of the concerns that will be addressed, including heat, pollution,
building inefficiency, and related illnesses, can be resolved and mitigated with the
addition of green spaces, specifically green roofs, in urban areas (Bowler et al.,
2010). In the long term, these issues must be resolved in order to preemptively
respond to the impacts of climate change and adopt more sustainable practices for
the future growth and well-being of all societies. Additionally, mitigation strategies
are still necessary to prevent the worst-case climate change scenarios. In the short
term, there have been extreme impacts on the environment, human health, and the
economy. With the addition of green spaces, Shanghai’s economic performance will
increase through a decrease in spending on pollution reduction techniques, air
conditioning, and healthcare. Therefore, the proposed solution should be
implemented to increase the number of green spaces in Shanghai in order to increase
the city’s economic performance.

2 Problem Analysis
2.1 Factors of Production
2.1.1 Physical Resources

In terms of Audretsch’s framework, the problem of air pollution falls into the
category of “factors of production (2015). In particular, it falls into the subcategory
of physical resources. Air pollution falls under physical resources because it is the
process of exploiting natural resources (Audretsch, 2015). There are several types of
air pollutants that affect Shanghai, such as particulate matter (PM), ground-level
ozone (03), nitrogen dioxide, and sulfur dioxide (Zupancic et al., 2015). In terms of
particulate matter, there are two main types, including coarse particulate matter
(PM10) and fine particulate matter (PM2.5). Coarse particulate matter is emitted
the most from residential heating sources and power plants (Zupancic et al., 2015).
Comparatively, fine particulate matter emanates from cars, utilities, and wood
burning (Zupancic et al., 2015). PM10 is typically filtered through the nose and
throat via cilia and mucus, while PM2.5 has the ability to penetrate through the
bronchi and habitat within the lungs (Measuring Dust Levels, 2017). Because of
their ability to infiltrate the lungs, fine particulate matter is estimated to account for
800,000 premature deaths every year in cities (Zupancic et al., 2015). According to
the Shanghai Environmental Protection Bureau, the average level of PM2.5 in 2014
dropped by 16.1% compared to its 2013 levels (Shanghai Air Pollution, 2014). Even
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though 2014 witnessed a large drop in PM2.5, particulate matter levels rose again in
2015. Since 2015, there has been extreme pressure on authorities to reduce the
average PM2.5 density by 2017 (Shanghai Air Pollution, 2015). Unfortunately, few
reports were released on fine particulate matter data for 2017. However, researchers
found that the average fine particulate matter density levels were similar on a month-
to-month basis to the 2015 levels (Shanghai Air Pollution, 2015).

Unfortunately, air quality continues to be poor due to an increase in ground-level
ozone (Ozone, 2018). Researchers have found that exposure to ground-level ozone is
more hazardous to human health than PM2.5 (Ozone, 2018). Ground-level ozone
forms through a photochemical reaction when pollutants, such as nitrogen oxide and
volatile organic compounds, are emitted from vehicles or industries and are then
exposed directly to sunlight (World Health Organization, 2018). During the summer
season, ground-level ozone is increasingly hazardous because O3 levels are posi-
tively correlated to temperature and solar radiation levels (Xu et al., 1997). There-
fore, more humans are exposed to O3 during the summer than in any other season.
Another impact that ground-level ozone has on Shanghai is the formation of smog.
Smog is formed from the chemical reaction between sunlight and ground-level
ozone (West, 2018). Smog is characterized by the heavy haze that falls over cities,
especially in industrial areas (West, 2018). Smog is heaviest in industrial areas due to
increased emissions from cars, buses, trucks, and boats (West, 2018). Other factors
that influence smog formation include weather and temperatures (West, 2018).
Weather and geography have an impact on the location and severity of smog in
urban areas. Additionally, temperatures determine the length of time that the smog
will remain in the city (West, 2018).

According to Swart, areas with higher amounts of economic development have
higher levels of greenhouse gas emissions (2003). Because Shanghai has the most
economic growth in China, Swart would argue that the city would contribute to
higher levels of greenhouse gas emissions and pollution compared to other Chinese
cities. Wang et al. similarly argues Swart’s point by stating that “economic expan-
sion in China is driven by an increasingly higher consumption of fossil fuels”
(2007). Within the past decade, air pollution in Shanghai has been documented at
its worst between late 2012 and early 2013. There are both internal and external
factors contributing to these high levels of air pollution in Shanghai. Externally, cold
fronts coming from northern Chinese industrial cities are transporting air pollutants
to Shanghai (What Causes Air Pollution, 2018). The wind coming from the North-
western region of China carries the highest level of PM2.5 (Talhelm, 2017). Inter-
nally, there are sources of air pollution in the city of Shanghai (What Causes Air
Pollution, 2018). The largest sources of internal air pollution in the city are vehicle
and industrial emissions, which account for 50% of Shanghai’s air pollution levels.
The remaining sources of air pollution are construction sites (10.5%), straw burning
(10%), power stations (7.3%), and surrounding provinces (Jian, 2014). After exam-
ining the emissions from Shanghai’s industrial sector, a large portion of their
pollution contribution comes from the production of consumer goods. Specifically,
25% of all Chinese carbon emissions are from the production of consumer goods that
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are exported to various countries across the globe (Composition of Shanghai Air
Pollution, 2018).

In 2017, China produced 23.12 trillion USD and gained the title of the world’s
largest economy (Amadeo, 2018). China not only has the world’s largest economy
but also is the largest exporter of consumer goods in the world (Amadeo, 2018).
Although consumer goods consumption accounts for a fourth of China’s air pollu-
tion, the exportation of consumer goods contributes 2.2 trillion USD to China’s
economy (Amadeo, 2018). The Chinese economy is able to thrive because their
standard of living is low compared to the United States (Amadeo, 2018). This allows
Chinese companies to pay their workers lower wages and produce products at lower
costs (Amadeo, 2018). With this in mind, China has a comparative advantage in
trade due to the prices it can offer. However, the people of China are suffering from
the impacts that industrial production is having on their health. For example, levels
of asthma mortality and general breathing problems, such as reductions in lung
function and lung diseases, are impacting the residents of Shanghai (Effects of Air
Pollution, 2018). There are many days with extremely poor air quality (Jaipragas,
2018). During the pollution peak in 2012 and 2013, many residents of Shanghai
considered leaving the city for their health and the health of their families (Shanghai
Expats, 2018). Therefore, a solution must be found that reduces the amount of air
pollution without negatively impacting Shanghai’s economy.

2.1.2 Physical Capital

In terms of Audretsch’s framework, the problems of heat and energy inefficiency fall
into the category of factors of production. Specifically, it is based on physical capital
and “investing in infrastructure to generate a competitive advantage” (Audretsch,
2015). Although cities only occupy about 2% of the Earth’s surface, the actions of
residents in urban areas account for 75% of the world’s energy consumption
(Gago et al., 2013). As the effects of climate change become more evident, cities
are being highly impacted by these changes. Some changes to the Earth’s climate
related to cities include the impacts that urban heat islands have on the atmosphere.
Urban heat islands, or UHI, exist when an urban area has a different, typically higher
temperature than its rural surroundings (Bowler et al., 2010). Urban heat islands are
created through the accumulation of heat captured by urban structures in a city
(Gago et al., 2013). Heat accumulates the most between urban structures that are tall
and close in proximity, especially when the streets next to the buildings are narrow
(Gago et al., 2013). Because the heat becomes trapped between the buildings,
temperature levels are forced to rise, especially in densely populated areas
(Gago et al., 2013). With the increase in temperatures and the effects of urban heat
islands, Arifwidodo found that there is a direct positive correlation between energy
consumption and UHI intensity (2015). Therefore, as UHI intensity increases, the
amount of energy consumption also increases (Arifwidodo & Chandrasiri, 2015).
Additionally, Radhi found that the use of air conditioning and cooling systems has
grown by 17-19% in cities (Radhi & Sharples, 2013). The variation in consumption
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was attributed to the difference in land use throughout urban areas (Radhi &
Sharples, 2013). For example, industrial districts had the highest air conditioning
usage because of the thermal properties of the buildings in those areas (Radhi &
Sharples, 2013). Comparatively, residential districts had the lowest amount of air
conditioning use due to the implementation of greenery in domestic zones (Radhi &
Sharples, 2013). Because manufacturing goods is a major source of revenue for the
Chinese economy, there should be interest in reducing the costs associated with
using air conditioning systems.

2.1.3 Human Capital

In terms of Audretsch’s framework (2015), public health fits into the subcategory of
human capital since the overall health of a place heavily shapes the capabilities of the
local workforce. Public health issues are then inherently economic issues as well. As
previously stated, Shanghai has the highest air pollution rates in China. This is a
major issue because air pollution has been classified as the “deadliest form of
pollution” and the fourth biggest risk factor for premature deaths in 2016 (WHO,
2018). As a result, residents of Shanghai have developed a multitude of illnesses due
to excessive air pollution exposure. Excess exposure to PM2.5 puts individuals at an
increased risk of adverse side effects. For example, diseases such as diabetes,
increased hypertension, cardiovascular disease, cardiopulmonary disease, and lung
cancer have all been related to prolonged PM2.5 exposure (Cao et al., 2017). Air
pollution not only affects the physical health of people living in Shanghai but also
impacts their mental health (Cao et al., 2017). Air pollution can affect an individual’s
mental health by impairing neurocognitive functions, which increases the likelihood
of developing depression and causes an increase in suicide rates (Cao et al., 2017).
Overall, a study conducted by Giovanis and Ozdamar found that air pollution can
lower life satisfaction and subjective well-being for individuals. (Cao et al., 2017).
Additionally, the majority of healthcare costs from air pollution illnesses go towards
treating preventable non-communicable diseases, like mental illnesses, cardiovas-
cular diseases, type 2 diabetes, and cancer (Jourdan, 2016). Researchers found that
these preventable illnesses result in a loss of productivity in the workforce, which
cost the global economy 225 billion USD in 2013 (WHO, 2016).

Cancer death rates in Shanghai are the highest in China, have doubled over the
past 25 years, and are believed by scientists to be caused by exposure to industrial
pollution (Shanghai, 1988). Specifically, research has shown that lung cancer rates in
China over the last 10-15 years have substantially increased (Shanghai, 1988). A
specific type of lung cancer is impacting Chinese citizens, and relations to smoking
have been ruled out; thus, researchers have determined that it is related to poor air
quality in China (Cao et al., 2017). In order to correlate specific adverse health
effects from prolonged exposure to air pollution with specific PM levels, an epide-
miological study was conducted with stratified analyses of PM levels (Sacks et al.,
2011). Specifically, PM levels were compared with health effects in different
population subgroups throughout various locations that have high and low PM
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levels (Sacks et al., 2011). The researchers concluded that some characteristics may
cause some exposed individuals to be more susceptible to PM-related health condi-
tions compared to others (Sacks et al., 2011). Characteristics that make people more
susceptible to PM-related health complications include life stage (age), genetic
polymorphisms, preexisting cardiovascular and respiratory diseases, and socioeco-
nomic status, also known as SES (Sacks et al., 2011). For example, air pollution is
more harmful to children whose lungs are still developing and can permanently stunt
lung capacity (Air Pollution, 2016). Additionally, women have been found to have
health complications during pregnancy, such as low birth weight and premature
birth, as a result of air pollution exposure (Cao et al., 2017).

A study conducted by Lui et al. researched the correlation between air pollution
and mortality rates across 120 cities in China (Cao et al., 2017). The researchers used
a spatiotemporal analysis and found that “the air pollution index increased from
2012 to 2013, and the change in mortality from 4% to 7% can be explained by the air
pollution index [24]” (Cao et al., 2017). This study used the air pollution index (AIP)
to determine air quality and measure the effects of fine particulate matter, ozone,
nitrogen dioxide, sulfur dioxide, and other pollutants in relation to mortality
(Cao et al., 2017). In this study, PM2.5 was determined to be the largest disease-
causing pollutant in China (Cao et al., 2017). Specifically, PM2.5 causes more
respiratory illnesses in China than any other pollutants, including sulfur and nitrogen
oxide (Cao et al., 2017). In addition to these findings on fine particulate matter,
researchers discovered that the mortality rate of respiratory diseases was positively
correlated to per capita income and population density (Cao et al., 2017). For
example, areas with high population density rates were found to have higher
mortality rates compared to areas that were not clustered together (Cao et al.,
2017). These findings came from the spatial model, which took the level of PM2.5
in the atmosphere (Cao et al., 2017). With these findings, Cao et al. (2017) concluded
that respiratory disease mortality also impacts surrounding areas where mortality
rates from pollution are high.

3 Problem Solution

3.1 Personal Prevention Methods

There are several personal solutions the citizens of China take to prevent exposure to
air pollution. Personal solutions are extremely popular throughout the country.
Because these solutions are so popular, they are easily accessible and relatively
inexpensive compared to the costs of not protecting yourself. One solution is the use
of an indoor air purifier, which is available throughout the country. They can protect
people from fine particulate matter and ground-level ozone, as long as they include
carbon filters (Air Purifiers, 2018). It is suggested that citizens should have an air
purifier in their bedrooms in order to keep the air clean throughout the night (Air
Purifiers, 2018). Another solution is the addition of electronic pollution monitors,
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which continuously monitor indoor air quality (More Indoor Air Pollution Solutions,
2018). The final popular personal solution in China is the use of masks. There are
standards for these masks to include carbon filters to protect the user from particulate
matter and ground-level ozone exposure (Pollution Face Masks, 2018). Masks are
typically worn on smoggy days and near roadways since ground-level ozone is
formed by the chemical reaction of motor vehicle exhaust exposure to sunlight
(Pollution Face Masks, 2018).

3.2 Renewable Energy Resources

In 2005, measures to fight air pollution were costing China 112 billion USD (Popp,
2017). The amount paid increased to 220 billion USD in 2009 (Popp, 2017). In 2011,
there were also 542 environmental accidents, which caused economic loss, an
increase in air pollution, and additional costs to repair the damages (Popp, 2017).
The Chinese government agreed that air pollution expenses were too high; therefore,
goals were created to reduce emissions throughout the country (Popp, 2017). Not
only were they worried about air pollution expenses but also about protecting the
environment (Popp, 2017). In order to meet the government’s new goals, illegal coal
mines, and highly polluting factories were shut down (Popp, 2017). Other initiatives
included the regulation of vehicles, the diversification of fossil fuels, and the
development of clean energy sources such as solar or wind energy (Popp, 2017).
Since January 2015, which is when the emissions regulations began, PM2.5 levels
have declined (Popp, 2017). In Shanghai, fine particulate matter fell from 61 micro-
grams per cubic meter to 50 micrograms per cubic meter (Popp, 2017). Unfortu-
nately, these levels are still higher than the World Health Organization’s upper safety
limit, which is 35 micrograms of PM2.5 per cubic meter (Popp, 2017).

In terms of renewable energy initiatives, China has invested 102 billion USD
since 2015 (Popp, 2017). This huge investment in renewables was motivated by a
desire to ease the atrocious air pollution levels, which have been estimated to kill 1.1
million people every year (Gardiner, 2017). Because of China’s physical and natural
resources, they have the comparative advantage to invest in renewable resources
(Popp, 2017). Specifically, China has vast deserts and long periods of sunlight,
making it a powerful source for solar and hydraulic energy (Popp, 2017). Since the
government’s investment, results have been positive; however, some researchers are
concerned about its cost and impact on economic growth (Popp, 2017). Since the
implementation of renewables in China, 19% of their wind power has been wasted in
one year (Popp, 2017). This was due to the location of wind turbines in the northwest
part of the country, which was far from the cities where clean electricity was most
needed (Popp, 2017). Positioning wind turbines far from cities is typically not an
issue; however, some of the transmission lines that carried the energy to the cities
failed (Popp, 2017). Due to this, leaders are now installing new power lines and
focusing on building smaller wind and solar farms in populated areas (Gardiner,
2017).
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3.3 Energy Efficiency and Building Materials & Design

In order for Shanghai to become more energy and economically efficient, researchers
suggest using materials that do not require high amounts of energy to be produced
(Chel & Kaushik, 2017). The amount of energy used to create a product is referred to
as embodied energy (Chel & Kaushik, 2017). Currently, embodied energy accounts
for 15-20% of the energy used within the first 50 years of a structure’s existence
(Chel & Kaushik, 2017). By using materials with low levels of embodied energy, a
structure’s environmental impacts and energy inefficiency can be reduced dramati-
cally. Changes like this can occur easily by requesting that contractors use environ-
mentally conscious products. Examples of building materials with medium levels of
embodied energy include lime, clay bricks and tiles, and concrete (Chel & Kaushik,
2017). On the contrary, materials with extremely high embodied energy that Chel
suggests builders do not use are aluminum, plastics, copper, and stainless steel
(2017). The third suggestion is installing efficient appliances in residences that do
not require large amounts of energy to generate a product (Chel & Kaushik, 2017).

Currently, energy used to maintain buildings in western countries accounts for
50% of each nation’s carbon dioxide emissions (Chel & Kaushik, 2017). As
Bulkeley & Betsill suggest energy conservation must be implemented in design
(2005). Energy conservation can be achieved through increased standards of energy
efficiency and renewable technologies in residential design (Bulkeley & Betsill,
2005). Researcher Arvind Chel offers similar suggestions as Bulkeley & Betsill on
how to mitigate carbon dioxide emissions from buildings. Chel suggests that cities
must implement passive building designs into their infrastructure, which will capture
solar energy more efficiently than current building orientations (2017). Passive
design institutes a method of situating a building so that the sun’s energy enters
the building when necessary. In order to properly implement the passive design in
the northern hemisphere, the buildings must have south-facing glass or windows
(Chel & Kaushik, 2017). Additionally, solar infiltration should be controlled through
the proper installation of an overhang. This also entails a thermal mass design, which
will absorb heat during the day and release it at night (Chel & Kaushik, 2017). The
use of passive design will reduce the need for air conditioning and lower energy
costs in the city of Shanghai.

3.4 Cap and Trade

A strategy to reduce pollution and its related illnesses is the installation of a cap and
trade solution. Cap and trade policies create limits, or allowances, on the amount of
greenhouse gasses that a company is allowed to emit (Environmental Defense Fund,
2018). If the company exceeds these limits, penalties are assessed, and the company
will receive a fine (Environmental Defense Fund, 2018). The trade aspect of this
policy is centered on the potential fiscal benefit of reducing greenhouse gas
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emissions (Environmental Defense Fund, 2018). Trade occurs when one company
emits less than its allotted amount, creating a surplus of potential emissions. Then,
that company is able to sell its remaining allowance to a business that will exceed the
legal limit (Environmental Defense Fund, 2018). With the potential to trade, com-
panies that are under their allowance benefit by receiving a profit for producing
lower emissions (Environmental Defense Fund, 2018). Another aspect of the cap
and trade system is that allowances continue to decrease over time (Environmental
Defense Fund, 2018). This forces companies to innovate and find new ways to
reduce their emissions in order to stay within the reduced allowances. By reducing
limits over time, overall emission levels and pollution-related illnesses decrease
(Environmental Defense Fund, 2018). Cap and trade systems are effective because
allowances and fines are set based on specific industries and determined by the
government. Additionally, this policy allows governments to target specific pollut-
ants that have the highest correlation rates to environmental degradation and ill-
nesses (Environmental Defense Fund, 2018). In California, this policy was
implemented in 2013, and emissions were reduced by 4% in 2015 (Environmental
Defense Fund, 2018). This suggests that cap and trade policies are effective at
reducing emissions and thus pollution levels; however, this solution does not address
heat-related issues, such as urban heat islands and building inefficiency.

3.5 Green Spaces

Green spaces were originally thought of as just areas of vegetation and included
parks, forests, and wetlands (Zupancic et al., 2015). Now, green spaces can include
any sort of infrastructure that promotes sustainable and healthy living, such as white
roofs, permeable pavements, urban agriculture, and green roofs (Zupancic et al.,
2015). Green spaces meet a city’s sustainability goals and improve health by
removing pollutants from the air and reducing air and ground temperatures within
urban settings (Zupancic et al., 2015). Currently, green spaces only account for 3%
of Shanghai’s total area, which could explain the increased levels of air pollutants
and extreme heat waves (Kelley, 2017). However, not all green spaces both remove
pollutants and reduce temperatures. Although not all green spaces meet both of these
criteria, they have far-reaching impacts that affect entire regions and nations
(Zupancic et al., 2015). The impacts that green infrastructure has can be measured
by land value, quality of life, public health, hazard mitigation, and regulatory
compliance (Zupancic et al., 2015). For Shanghai, quality of life, public health,
and hazard mitigation are the most influential impacts that green infrastructure can
have on the city. In order to fully calculate the total net benefit of green infrastruc-
ture, both direct and indirect benefits must be analyzed. An example provided by
Zupanic states that in order to understand the benefit of planting a tree, the positive
effects of a tree filtering water, slowing down runoff, cooling local and regional
UHIs, and providing clean air must be taken into account (2015). However, in order
for a green space to be as effective as possible, several aspects must be analyzed to
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generate the highest net benefits. The first characteristic that must be analyzed is the
size and type of green space (Zupancic et al., 2015). The size of the green space is
positively correlated with the level of effect the space will have on its surroundings
(Zupancic et al., 2015). The type of green space must be evaluated because various
types of green spaces exist and provide different benefits, such as heat reduction or
air pollution mitigation (Zupancic et al., 2015). The impacts of green space type are
related to the vegetation and the effects that certain plants have on various spaces
(Zupancic et al., 2015). Another characteristic that impacts the effectiveness of green
spaces is the presence of modifying factors. Modifying factors include seasonality,
wind speed and direction, time of day, and the space’s surroundings (Zupancic et al.,
2015). Additionally, there can be negative impacts or trade-offs with the implemen-
tation of green spaces that must be analyzed before putting in a green space, such as
reduced road visibility and cost efficiency (Zupancic et al., 2015). Shanghai has the
second-lowest total area percentage of green spaces compared to the top 10 most
populated world cities. Therefore, prior to making a large change in infrastructure by
implementing green spaces in the city, an analysis must be done on the positive and
negative impacts that the spaces would provide.

3.6 White Roofs

Most buildings, especially roofs, are made of dark materials, such as tar. Darker
surfaces innately have lower albedos, which forces the roofs of buildings to absorb
more solar radiation and trap more heat (Pearce, 2018). Research conducted by
Haider Taha found that when buildings are made of high-albedo materials, the solar
radiation absorbed by buildings decreases by as much as 4 degrees Celsius
(Gago et al., 2013). In 2012, New York introduced new urban planning policies
that required any future construction to implement white roofs in order to increase
the structure’s albedo levels (Pearce, 2018). In addition to these building codes, there
are volunteer efforts in the city to paint tar roofs white in order to increase albedo and
reduce the amount of solar radiation that can be trapped within a city (Pearce, 2018).
Since this initiative, nearly 7 million square feet of tar roofs in the city have been
painted over; however, this is only about 1% of the roofs in New York City (Pearce,
2018). Because of New York’s building codes and volunteer initiatives, various
cities throughout the United States have begun their own white roof programs. In
2017, Los Angeles began painting all asphalt roads with light gray paint in order to
change their albedo (Pearce, 2018). Based on research conducted by Keith Oleson at
the National Center for Atmospheric Research, it was found that if every large city in
the world painted their roofs white, albedo would change from its current 32% to as
high as 90% (Pearce, 2018). With these changes in albedo, the current UHI would
decrease by a third and reduce daily maximum temperatures by an average of.6
degrees Celsius (Pearce, 2018). However, white roofs do not impact pollution levels
and would not be the most viable urban planning solution for Shanghai.
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3.7 Green Roofs

In terms of green spaces, a green roof is defined as a roof that is covered with plants,
trees, or other types of vegetation (Zupancic et al., 2015). When creating a green
roof, vegetation that is suitable to the local climate must be grown in order to
produce the highest benefits (Zupancic et al., 2015). Green roofs can even be
implemented on top of older buildings by retrofitting the roofs to hold the weight
of the vegetation (Zupancic et al., 2015). There are two types of green roofs: those
that are intensive, which range from 80 to 100 pounds per square foot, and those that
are extensive, which range from 15 to 50 pounds per square foot (Zupancic et al.,
2015). Intensive roof costs range from 20 to 85 USD per square foot and are typically
filled with deeper soil and more tolerant plants that can adapt to a variety of water
levels (Zupancic et al., 2015). Extensive roofs are typically made with aesthetics in
mind by growing on more shallow surfaces (Zupancic et al., 2015). Extensive roofs
cost $6-43 USD per square foot to install (Zupancic et al., 2015). Costs for vegetated
roofs vary depending on whether they are intensive or extensive and the climate
(Zupancic et al., 2015). Additionally, costs vary based on the labor rates in the area,
but Zupanic found that the annual costs of maintenance range from 2% to 3% after
the vegetation roof has been established (2015). Since annual maintenance costs are
so low, green roofs are relatively sustainable in terms of the economy and the
environment.

In addition to being relatively low in cost, green roofs also protect roofs from
wind damage and UV rays and regulate temperatures, even with the effects of urban
heat islands (Zupancic et al., 2015). All of these benefits of green roofs allow for
roofs to have a lifespan of two to three times higher compared to regular roofs
(Zupancic et al., 2015). Other benefits of green roofs include the reduction of annual
stormwater runoff, on average, by 50-60% (Zupancic et al., 2015). Additionally,
intensive roofs are about two times more efficient at managing stormwater runoff
compared to extensive roofs; however, this is dependent upon seasonality and
evapotranspiration rates for the plants that are on the roofs (Zupancic et al., 2015).
The reduction in stormwater runoff is important because intensive green roofs have
the potential to reduce pollutants infiltrating water sources by up to 85% (Zupancic
et al., 2015). Specifically, in Washington, D.C., researchers have estimated that
green roofs can reduce sewage overflows into local rivers by 6-15% (Zupancic
et al., 2015). Additionally, researchers found that in New York City, if one
40-square-foot green roof were to be installed, up to 810 gallons of stormwater
could be captured per roof annually (Zupancic et al., 2015). Zupanic found that “if
each installation cost $1,000, then a $100,000 investment could lead to over 81,000
gallons of stormwater captured” (2015). In addition to capturing stormwater pollut-
ants, green roofs also filter and remove many air pollutants, including particulate
matter and ground-level ozone (Zupancic et al., 2015). Zupanic found that every
1,000 square feet of a green roof could remove approximately 40 pounds of
particulate matter from the air, which is equivalent to the amount of emissions
produced by a 15-passenger car per year (Zupancic et al., 2015). Green roofs are
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able to reduce ground-level ozone formation because O3 formation is associated
with air temperatures (Reduce, 2017). Therefore, as temperatures decrease due to
green roofs, so does ground-level ozone formation (Reduce, 2017).

Other benefits of green roofs include temperature reductions, declines in the
effects of UHIs, and climate change (Zupancic et al., 2015). The effects of climate
change are reduced because the vegetation is a carbon sink (Zupancic et al., 2015).
Because plants store carbon, carbon is prevented from entering the atmosphere and
adding to the greenhouse effect (Zupancic et al., 2015). Unfortunately, because
green roofs typically only have a thin layer of vegetation, they are not able to store
as much carbon as trees and urban forests (Zupancic et al., 2015). In terms of
temperature reductions, Zupanic found that green roofs have the ability to reduce
energy consumption in buildings by 2-6% (2015). Additionally, green roofs are able
to reduce the surface temperatures of roofs by 30-60 degrees Celsius. Also, vege-
tation on roofs can reduce surrounding air temperatures by 5 degrees Celsius due to
evapotranspiration (Zupancic et al., 2015). One group of researchers found that a
neighborhood in Portland with all green roofs is able to reduce UHI effects by
50-90% (Zupancic et al., 2015). Not only would a community experience the
benefits of UHI reductions, but studies showed that regional UHI effects could be
reduced by up to .4 degrees Celsius with the installation of vegetation on only 50%
of eligible roofs in the city (Zupancic et al., 2015). In terms of specific temperature
reductions, the shading provided by green roofs reduces the surface temperatures
underneath the plants (Reduce, 2017). Cooler surfaces on roofs reduce the amount of
heat transmitted into buildings or emitted back into the atmosphere, which reduces
the amount of energy needed to cool the buildings (Reduce, 2017). Roofs with green
spaces are around 74 degrees Fahrenheit (Reduce, 2017). Comparatively, roofs
without green spaces can be as warm as about 150 degrees Fahrenheit (Reduce,
2017).

Overall costs and benefits of green roofs throughout their life span vary per roof
but are estimated to be 10—14% higher than conventional roofs (Zupancic et al.,
2015). When taking into account the net benefits of reducing stormwater runoff,
reducing electrical costs, and improving air quality, green roofs have 40% more
value than conventional roofs (Zupancic et al., 2015). Zupanic notes these percent-
ages do not take into account the net financial benefits of “extended roof-life,
insulating value, reduced urban heat island effects, local and regional water quality
improvements, fewer combined sewer overflows (CSOs), urban biodiversity, noise
dampening, increases in aesthetic and property values, or from nominal carbon
sequestration” (Zupancic et al., 2015). Even though green roofs have higher upfront
costs compared to conventional roofs, the benefits that they provide when applied on
a large scale within a city are economically worth it (Zupancic et al., 2015).
Substantial monetary benefits of green roofs would be applied to the city of Toronto
if all eligible roofs made the transition to green roofs (Zupancic et al., 2015). In total,
the upfront savings for green roofs are $313,100,000 (Zupancic et al., 2015). Total
annual cost savings are as high as 37,130,000 USD (Zupancic et al., 2015). With
these economic savings in mind, Shanghai could cost-effectively implement green
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roofs in order to reduce the effects of air pollution, heat, energy inefficiency, and
illnesses that are currently negatively impacting the city.

3.8 Urban Agriculture

Another way to reduce urban temperatures is through the implementation of urban
agriculture. Urban agriculture is defined as the process of naturally grown food and
other crops within cities (Clinton et al., 2018). Green roofs and urban agriculture can
have a remarkable impact, especially because roofs account for 20-25% of land
cover (Reduce, 2017). Based on a study conducted by Peter Irvin, who researches
geoengineering and climate at Harvard University, crops should be chosen before
planting based on their albedo potential (Pearce, 2018). Although Irvin’s research
was based on plants used in traditional agriculture, his findings could be applied to
the vegetation used in urban agriculture. For example, in Europe, Irvin found that if
barley were replaced with sugar beet, there would be a 3% change in reflectivity
throughout the crop’s lifecycle (Pearce, 2018). With the reduction of solar radiation
absorption, the effects of urban heat islands have the potential to decrease in urban
areas. From these analyses, the researchers estimate that current vegetation in cities
generates $33 billion annually in ecosystem services, including such things as
“biocontrol, pollination, climate regulation, and soil formation” (Clinton et al.,
2018). The researchers project that annual food production from urban agriculture
could range from 100 to 180 million tons per year (Clinton et al., 2018). In the
United States and China alone, about 2.4 billion kilowatt hours of energy savings
could occur by implementing urban agriculture on roofs (Clinton et al., 2018).
Globally, there could be energy savings of 14-15 billion kilowatt hours with the
use of urban agriculture (Clinton et al., 2018). In addition to other forms of savings,
such as nitrogen sequestration and storm runoff, that green roofs and urban agricul-
ture generate, the combined fiscal benefits could be as much as $80-160 billion
annually in a scenario of intense execution (Clinton et al., 2018). Therefore, over
time, this change in reflectivity and the other benefits from urban agriculture will
reduce the effects of urban heat islands, including heat-related illnesses, and generate
economic advantages. However, certain plants are more likely to absorb pollution
compared to others. In order to maximize the benefit of urban agriculture, plants with
the ability to absorb large amounts of pollutants and have high albedos would be
necessary to utilize. Finally, the maintenance costs of these types of roofs would be
higher because of the necessity to harvest the crops in order to produce food.

3.9 Permeable Pavements

One method for reducing temperatures and counteracting the effects of UHI is
through the implementation of new paving materials. Conventional paving
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materials, such as concrete and asphalt, absorb large amounts of solar radiation
throughout the day but release it into the surrounding air at night, which worsens the
effects of UHIs (Musco, 2016). Another issue with current paving materials used in
cities is their limited permeability to water. Limited permeability in the pavement is
an issue because without the absorption of water into the pavement, the evapotrans-
piration potential decreases drastically (Musco, 2016). Having a high evapotranspi-
ration potential reduces surrounding air temperatures because the heat in the air
evaporates the water that is also in the air (Reduce, 2017). This effect cools the
surrounding air while decreasing temperatures and reducing UHIs (Reduce, 2017,
1-3). In order to address the issues with current paving materials, Musco suggests
implementing cool pavements and pervious pavements (2016). Cool pavements are
built from materials that have a higher albedo and reflect solar radiation more than
current pavements. Specifically, cool pavements are lighter in color compared to
concrete and asphalt, which allows them to actually reflect solar radiation rather than
absorb it (Musco, 2016). The other solution, which is pervious pavements, is made
of materials that enable water to drain through the pavement’s surface (Musco,
2016). By allowing water to pass through the pavement, the soil beneath the
pavement absorbs the water (Musco, 2016). Throughout the day, as the pavement
is heated by the sun, the water evaporates and cools the surface of the pavement
(Musco, 2016). In addition to reducing the effects of UHIs, pervious pavements
absorb stormwater, which prevents flooding (Musco, 2016).

Although these changes from dark to light pavements would provide the largest
amount of temperature reductions, the implementation of these changes is difficult
compared to other solutions (Rosenzweig et al., 2018). Currently, 64% of New York
City’s surface area is covered in dark, impervious surfaces. Any changes to pave-
ments would call for a large amount of construction in the area, which would also
disrupt the flow of the city (Rosenzweig et al., 2018). Because of these difficulties,
the addition of vegetation to the city is more feasible than changing all of the
pavement in the city (Rosenzweig et al., 2018). Rosenzweig et al. found that if
trees were to be planted along the streets of the city, eventually they would account
for 17% of the city’s surface area, compared to changing 64% of the city’s infra-
structure (2018). Not only does the implementation of vegetation reduce energy
demand through the benefits of shading, but it has the potential to improve the city’s
air quality, the public’s health, and the total greenhouse gas emissions contributed by
the city (Rosenzweig et al., 2018). However, in order for these benefits to have the
greatest impact on reducing UHIs, they must be implemented to their full extent
(Rosenzweig et al., 2018).

4 Conclusion

As China looks towards the future as a world market leader, they must implement
sustainable practices in their urban designs. Shanghai is known for its high levels of
economic performance; however, they are less known for their extremely high levels
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of air pollution, energy inefficiency, urban heat islands, related illnesses, and
increased mortality rates. In the past, China attempted to reduce air pollution by
banning corporate leaders and factories from burning coal for energy (O’Brien et al.,
2017). This created a switch toward natural gas use by Chinese companies. Unfor-
tunately, this switch led to a shortage in the natural gas energy supply due to the
country’s lack of natural gas infrastructure (O’Brien et al., 2017). Additionally, the
shortage in natural gas forced total energy prices to increase for Chinese residents
(O’Brien et al., 2017). With this amplified economic burden, many residents were
left without heat throughout the winter season (O’Brien et al., 2017). To compensate
for this, the government was forced to permit areas that were short on natural gas to
burn coal for heat throughout the winter months (O’Brien et al., 2017). China must
rely on innovation and development if they want to successfully reduce the afore-
mentioned issues. Another issue that the Chinese government must face is their lack
of an environmental monitoring group that would analyze air pollution levels that are
produced by industries. If China does not strengthen its pollution regulations, the
citizens of China will continue to suffer from poor air quality, heat, and related
illnesses. However, the addition of green spaces in the city of Shanghai can resolve
all the aforementioned issues. The World Health Organization, or WHO, suggests
that in order to receive the maximum benefits from green spaces, they must be cross-
sectional (2016). A cross-sectional green space engages the community while
attracting multiple groups of people and providing a variety of functional opportu-
nities (WHO, 2016). In 2010, a report was published by the WHO, and the
researchers found that green spaces can have a positive impact on physical activity
and the potential to reduce public health inequalities (WHO, 2016). Specifically, the
researchers found that public green spaces “with appropriate recreation facilities for
all age groups are needed to support active recreation” (WHO, 2016). The report also
discusses the importance of intersectionality and the necessary support that disad-
vantaged groups need when it comes to physical activity levels and time spent
outdoors (World Health Organization, 2016). Green spaces should be implemented
because they are proven to reduce air pollution, increase electric efficiency, and
improve human health. In Shanghai, many residents are impacted by cardiovascular
diseases, such as hypertension and cardiopulmonary diseases, lung cancer, and poor
mental health. With the addition of green spaces, not only will health, air quality, and
electricity efficiency improve, but so will the economic efficiency of the city.
Economic efficiency will increase because green spaces reduce the need for air
pollution reduction tactics, air conditioning needs, and medical bills. Prior to
implementing green spaces, the anticipation of companies pushing back on this
solution is necessary. In order to combat their potential disagreements, an examina-
tion of the overall cost-benefit analysis must be completed. Because the total upfront
savings for green roofs are 313,100,000 USD and the total annual cost savings are as
high as 37,130,000 USD, it seems that the addition of green spaces is more
economically advantageous compared to all the other solutions proposed throughout
this paper. Finally, Shanghai companies must understand that this is the only
solution that reduces air pollution, energy inefficiency, the UHI effect, and related
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illnesses or deaths while decreasing spending on other solutions that only resolve
one of those issues.
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